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POLYMERIC COMPOSITE SEPARATION MEMBRANE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

rooon 

Technical F i o l d 

The present invention relates to a polymeric composite separation membrane 

and its preparation method. The separation membrane of the present invention wh i ch is 
produced by blending an amorphous thermoplastic resin, a semi-crystalline polymer and a 
compatibilizer which controls the dispersion state of the semi-crystalline polymer in the 
thermoplastic resin and adhesion at the interface . T . and t hen, bv oroparat i on of a thin 
film of the blended mixture is prepared w hich is capable of increasing a selective 
permeation rate in such a manner that the dispersed semi-crystalline polymer is 
morphologically altered to serve as an obstacle to permeation, by which the permeation 
distance of the-chemicals (liquid or gases) is extended. When applied to a gas separation 
process, this enhances the selective permeability over the so-called trade-off limit. More 
particularly, a semi-crystalline polymer^ which is hardly permeable to a gas or chemicals^ 
is dispersed in an amorphous thermoplastic resin, and at this time, an appropriate amount 
of compatibilizer is added so as for t hat t he semi-crystalline polymer has t o hovo a uniform 
size and is in a w ell-disoersed state . T . and t hen, the mixture obtained from aQthe 
extruder is passed through a die as a thin film, whereby, the semi-crystalline polymer 
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phase is^evenly dispersed and morphologically controlled in the film , and - works as an 
obstacle to diffusion of chemicals or gases, to thereby morphologically altering path length 
of permeants. The chemicals or gases are separated according to interaction difference 
between the compatibilizer and permeant molecules, which induces diffusion time 
difference during which they pass the deformed path by the diffusion constant difference 
depending on the size of the chemicals or gas molecule and the interaction with the 
compatibilizer, thereby exhibiting a highly superior selectivity. 



2. Description Backaround of the Related A rt 

[0002] Polymeric separation membranes are used for various separation processes 
which are technologically important^ such as liquids separation, drug delivery, drug 
release, artificial kidney and lung, separation of air, separation of carbon dioxide from a 
natural gas, or separation of nitrogen and oxygen^ or separation of hydrocarbon and 
hydrogen in a petrochemical process. 

r0003] In the gas separation process, the basic factors determining the 

separation performance of polymeric gas separation membranes for a pair of gases^-(i.e., 
oxygen/nitrogen, carbon dioxide/methane or hydrogen/nitrogen, etc.^)-are permeability 
constant and selectivity. Permeability constant is typically obtained by dividing the 
multiplied value of a gas concentration difference and the thickness of separation 
membrane by a pressure difference onf both sides of the separation membrane. 
Selectivity is a ratio of permeability of two gases. That is, when the selectivity ratio is 
represented by A/B, 'A' is the permeability of the high permeable gas and 'B' is the 
permeability of the low permeable gas. 

[0004] High performance separation membranes are desired to have a high 
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permeability and a high selectivity, because a high permeability allows te-redu ction ofe 
the-an area of separation membranes required for separating a certain amount of gas or 
chemicals and a high selectivity allows te-enhanced-the purity of a-product. 

[00051 However, generally, if a_the-separation membran e hass -have a high 

permeability, it hasl t-has a low selectivity, whereas if a separation membrane has a high 
selectivity, it has a low permeability. 

f00061 ^According to Robeson's observation, as to separation of several pairs of 

gases, most polymer separation membranes have a negative slope in the correlation 
between the selectivity and the permeability ( see Journal of Membrane Science . Vol. 62, 
165, 1991, USA). That means the selectivity is reduced as the permeability is increased. 

f00071 In addition, upon observation of performance of numerous polymer 

separation membranes, it has been revealed that most of the polymer separation 
membranes do not exhibit a performance higher than a certain level. That is, for a. 
givene aeh permeabilityT there exists an upper limit of the-selectivity, along which an 
inversely proportional relation ship exists between the selectivity and the permeability all 
the time. The reason why such an upper limit exists is a natural result as the hard chains 
of a glass phase polymer substance screen the gas molecules. The slope of the upper 
limit has no relation to a -the chemical structure of the polymer separation membranes. 

[00081 For the past 30 years, in order to simultaneously increase the selectivity 

and the permeability, most researchers in the separation membrane industrial field have 
directed oxortod their energy toen synthesizing novel polymers (for example, see U.S. 
Patent No. 5,725,633). However, though muchany researches have been conducted, 
there has been no report ofB polymeric gas-separation membranes having a performance 
exceeding the existing upper limit. Very recently, we could make a polymeric-composite 
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gas-separation membrane that has a selectivity going over the upper limit ( see U.S. 
Patent No. 6.517.606B2). In that case, the permeability of the prepared composite 
membrane was found to be rather low for te-be-practicaHy used for the gas separation 
process , though . 

[0009] The present invention is directed to a fabrication process foref a 

polymeric^ gas {or chemicals^ separation membrane that can overcome such an t he- 
upper limit on the basis of a novel concept of a polymer composite instead of synthesizing 
a new polymeric material. The pP repared membrane has athe permeability that is high 
enough fo rto bo appli cation ine d-feF real processes. 

rooioi 

DisclOGur e of i nvent i on 
Technica l Prob l em 

^Therefore, an object of the present invention is to provide a process for 

fabricating a polvmer blend allowing a uniform dispersion and having an improved 
interface adhesion by adding a semi-crystalline polymer to an amorphous thermoplastic 
resin and at the same time, adding a compatibilizer so that the compatibilizer works at the 
interface of the semi-crystalline polymer and the thermoplastic resin to lower the 
interfacial tension, to provide a process for fabricating membranes with a desired 
thickness by performing extrusion and drawing, and to produce polymeric gas- or 
chemical- separation membranes exhibiting a high selectivity in such a manner that an. 
almost impermeable semi-crystalline polymer is^uniformly dispersed in the film and is 
formed in a thin and long plate type, working as an obstacle to a-chemical or gas 
permeation to change thea curvature offef a-diffusing molecules so that they pass through 
the channel at the interface where the compatibilizer is located and the mixed molecules 
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are separated because of the interaction difference with the compatibillzer. 

[00111 ^Another object of the present invention is to optimize dispersion of a 

semi- crystalline polymer by using an optimum amount of the compatibiiizer. 

[0012] Still another object of the present invention is to utilize a drawing 

process, for fabricating thin film membranes to let the dispersed phase have a different 
axial ratio. 

r00131 ^Yet another object of the present invention is to provide a method for 

fabricating a semi-crystalline polymer blended high-selective gas separation membranes. 

f00141 Still yet another object of the present invention is to provide a method for 

separating a gas or chemicals in the liquid state by using the semi-crystalline polymer 
blended high selective separation membranes. For the liquids separation process, the 
liquids do not dissolve the membrane or its components. 
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SUMMARY OF THE INVENTION 
f0015] — Tochn i cal S olution 

To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described herein, there is provided a semi- 
crystalline polymer blended gas separation membrane obtained by melting and 
processing a 50-^99 wt % of thermoplastic resin, 1-'50 wt % a semi-crystalline polymer 
and 0.1-'10 wt % of compatibilizer for the semi- crystalline polymer and the amorphous (or 
very low crystalline) matrix polymer. 

[00161 ^To achieve the above objects, athe method for fabricating semi- 
crystalline polymer blended separation membranes is provided, including the steps of : 
mixing a-SO'-gg wt % of thermoplastic resin, 1-50 wt % semi-crystalline polymer and 
O.I'-IO wt % of compatibilizer; and injecting the resulting mixture in an extrusion die and 
extend ing the exitino com i nq out film to fabricate an axially oriented film. 
[00171 " The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed description of the 
present invention when the accompanying drawings are taken into consideration. 

Advantageous Effects 

[00181 - As will be described below, the thin semi-crystalline polymer blended 

gas separation membranes fabricated in accordance with the present invention have 
many advantages. 

[001 91 For example, first, it exhibits athe high selectivity exceeding the limit value, which 
hardly has been hardly overcome by-the existing separation membranes. Also, it exhibits 
a.the-permeability that is high enough forte-be used in practical gas separation processes. 
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[0020] Secondly, as a separation membrane fabricating technique with a novel 

concept combining a physical method and a chemical method, since the whole process is 
performed in the extruder, it does not require a complicated process^ such as a solution 
casting method, a post-treatment process^ such as a solvent recovery and processing^ is 
not necessary, and it is also possible to make separation membranes in large scale. 

[00211 ^Thirdly, since it can be used between every crystalline polymer and 

thermoplastic resin^ as long as a suitable compatibilizer is available, it can be used to 
separate gases having different permeation rates from mixtures. It can also be used to 
separate liquid chemicals as long as they do not dissolve the membrane components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] ^The accompanying drawings, which are included to provide a further 

understanding of the invention and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the 
principles of the invention. 
[00231 In the drawings: 

[00241 The t^ op row in Figure 1 includes photographs of a scanning electron 
microscope (SEM) of a section of a membrane generated in accordance with a preferred 
embodiment of the present invention, of which 

[00251 Fioure 1 A is a SEM ohotof iewe of a membrane section generated by binary 
blend system of semi-crystalline polymer -(nylonS, 20 wt%)/poly(2,6-dimethyl-1,4- 
phenylene oxide) (PRO); 

[00261 Fioure 1B is a SEM photofi fwe of a membrane section generated by ternary 
blend system of a semi-crystalline polymer (nylon6.20 wt%)/PPO/compatibili2er (2 wt%); 
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f00271 Figure 1C is a SEM photofi qwe of a membrane section generated by ternary 
blend system of a semi-crystalline polymer (nylonS, 20 wt%)/PPO/compatibilizer (6wt%); 

and r00281 Figure 1 D is a SEM photofi ewe of a membrane section generated by 

ternary blend system of a semi-crystalline polymer (nylonS, 20 wt%)/PPO/compatibilizer 
(10wt%): 

(00291 The bB ottom row in Figure 1 includes photoaraohs i s a ohotoaraph of a 
transmission scanning electron microscope (TEM) of a section of a membrane generated 
in accordance with a preferred embodiment of the present invention, of which 
[00301 Fioure 1 A is a TEM figure of a membrane section generated by binary blend of a 
semi-crystalline polymer(20 wt%)/PPO; 

[00311 Fioure 1 B is a TEM figure of a membrane section generated by ternary blend of a 
liquid crystalline polymer (20wt%)/ PPO/compatibilizer (2 wt%); 

[0032] Figure 1C is a TEM figure of a membrane section generated by a ternary blend 
of a liquid crystalline polymer (20wt%)/PPO/compatibilizer (6wt%); 
f00331 Figure 1D is a TEM figure of a membrane section generated by a ternary blend 
of a liquid crystalline polymer (20wt%)/PPO/compatibilizer (10wt%)i.aod 

[00341 Figure 2 shows the relationship of oxygen permeability and the N2/O2 

selectivity of the membranes prepared by using the present invention method. 

DETAILED DESCRIPTION OF THE INVENTION 
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BEST MODE FOR CARRY I NG OUT THE INVENT I ON 

[00351 Reference will now be made in detail to the preferred embodiments of 

the present invention, examples of which are illustrated in the accompanying drawings. 

f00361 semi-crystalline polymer blended high selective gas separation 

membrane of the present invention comprises a semi-crystalline polymer, an amorphous 
( or very low crystalline )thermoplastic resin and a compatibilizer. 

[0037] In the present invention, the semi-crystalline polymer is used in the 

amount of 1-^50 wt %, preferably 5'-25 wt %. All polymers containing some parts of 
crystalline phase parts can be used for the present invention, but the-one having a high 
portion of crystalline phase, a_low melting point^-(preferably lower than 300°C), and a 
lower melt viscosity than that of the matrix polymer (amorphous resin) at the processing 
temperature and conditions is more preferable. 

[0038] In the present invention, the amorphous thermoplastic resin is used in 

an amount of SO-'SS wt %t and^ preferably, TS-'SS wt %^ and it is prefen^ed that it does not 
decompose at aa process temperature that is not lower than the melting temperature of 
the semi-crystalline polymer. In this respect, a -the melt viscosity is preferred to be higher 
than that of the semi-crystalline polymer for better deformation of the dispersed phase, 
though not necessarily required. In the present invention, any commercial thermoplastic 
resin can be used. In this respect, according to a preferred embodiment of the present 
invention, poly(2,6-dimethyl-1,4-phenylene oxide) (PPO) (a product of G.E. of USA), 
provided a favorable result. 

[0039] In the present invention, the compatibilizer is used in an amount of 

O.I-'IO wt %, preferably O.I-'S wt %, and most preferably 1-2 wt %. The compatibilizer is 
positioned at the interface of the matrix resin and the semi-crystalline polymer, lowersin§ 
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the interfacial tension between the crystalline polymer and the matrix resin, improvesm§ 
dispersion, and strengthensing-the interfacial adhesion. 

f00401 Especia ll y, l it is preferred especially that the compatibilizer is not4e-be 

decomposed at thea process temperature of the semi-crystalline polymer and the matrix 
resin , and isr 4e-be positioned at the interface of the dispersed phase to lower the 
interfacial tension and accordingly evenly disperse the dispersed phase, and te-improve 
the adhesion at the interface. 

[0041] compatibilizer used in the present invention can be any compound 

giving compatibility to the matrix thermoplastic resin and the semi-crystalline polymer. For 
example, it can be a block copolymer, a graft polymer or a copolymer generated by 
interfacial reaction. According to the preferred embodiment of the present invention, as- 
the compatibilizer, poly(styrene-co-maleic anhydride)! provided a favorable result. It is well 
known that polystyrene forms a miscible blend with PPO and the amine end group of 
nylon 6 reacts with maleic anhydride. Thus the compatibilizer has a graft copolymer 
structure. 

[0042] process for preparing the semi-crystalline polymer blended high 

selective gas separation membrane includes the steps of: a) mixing 50-'99 wt % of an 
amorphous thermoplastic resin, I'-SO wt % of a semi- crystalline polymer, and 0.1 --10 
wt % of compatibilizer based on athe thermotropic liquid crystalline polymer; b) after 
passing through the extrusion die, the film was uni-(or bi-)axially drawn to produce an 
oriented composite film. 

f00431 ^The semi-crystalline polymer blended in a high-selective gas-separation 

membrane produced by the present invention works as an obstacle to aga i nst the-gas 
permeation, so that the gas molecules shou l d pass around the dispersed crystalline 
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phase where the compatibilizer resides, and accordingly, the gas molecules interact with 
the compatibilizer, and the distance for the gas molecules to diffuse etrt -throuoh is 
considerably increased. 

[0044] ^The gas molecules are-normally diffused through the path of thea free 

volume of the amorphous thermoplastic resin. In this respect, the diffusion coefficient is 
different depending on the size of the gas molecules, and thus, the diffusion flux becomes 
different. As the distance throuaha tene which the gas molecules pass is elongatedtef=*§, 
the diffusion flux between the gas molecules are differentiated! and^ due to the interaction 
with the compatibilizer, there is a difference in the distance that the gas molecules are- 
diffuse per unit of d for tho samo t imer resulting in a high selectivity. 
I0045]_ln the preparation method of the present invention, the mixing step may be 
performed by a general method, such as by using a twin screw extruder, single screw 
extruder and an internal mixer. 

f0046] The drawing step in the preparation method of the present invention is conducted 
in a tensile apparatus connected to the extrusion die. The drawing can be biaxial drawing 
using simultaneous extension or_afilm blowing process, and the dispersed semi- 
crystalline phase has a stripe shape, of which a drawing ratio in the one axis direction is 
higher than a drawing ratio in the other direction. 

r0047] W hen the film blowing process is applied, a dual mandrel of which outside and 
inside are rotated in the opposite directions may be used instead of the extrusion die so 
that the deformed semi-crystalline phase may be formed as a net shape. Or, a multilayer 
film composed of many layers may be fabricated by using a multilayer-coextrusion die. 
f00481 T he invention will be further illustrated by the following examples. It will be 
apparent to those having conventional knowledge in the field that these examples are 
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presented only to explain the present invention more clearly, but the invention is not 
limited to the following examples. 

r00491 MODE FOR T H E INVENT I ON 

As a semicrystalline polymer, a raw material, nylon 6 (KOLONetoR 171, Korea) 

was used. As a matrix resin, poly(2,6-dimethyl-1,4-phenylene oxide) (PPG) (a product of 
G.E. of USA) was used. As a compatibilizer, a random copolymer between styrene and 
maleic anhydride, poly(styrene-co-maleic anhydride), containing 7wt% of maleic 
anhydride was used. 

[0050] ^After nylon 6, PPG and the compatibilizer were dried in a vacuum oven 

at a temperature of lOCC for more than 24 hours, they were premixed with the ratio in 
Table 1. The resulting mixture was then extruded at a process temperature of 240°C in a 
Bravender twin screw extruder. It is well known that polystyrene is miscible with PPG 
and amine group of nylon 6 reacts with maleic anhydride group very well. Thus while 
mixed and blended in the extruder, the random block copolymer reacts with nylon 6 to 
form a graft copolymer. This graft copolymer should be located at the interface due to 
enthalpic and entropic interaction with the matrix (PPGO and the dispersed phase (nylon 
6). Polystyrene section of the compatibilizer would be in the matrix side while grafted 
polyamide parts reside in the dispersed nylon 6 phase. Thus, interfacial adhesion is 
enhanced while the interfacial tension between those two phases is significantly reduced. 

f 005 11 ^A flat die was connected to an exit of the twin screw extruder and the 

blend was subjected to an extension with a drawing unit. The extension ratio was adjusted 
with the rate of the winding speed to obtain a thin film of a uniform thickness. After then 
the film was wound. A film with an even thickness of 1 00 m-Bm having a.3% error limit 
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was used. 

f0052] A fter the film samples were installed in a testing container, and an absorption gas 
was discharged under a high vacuum (10"® torr) before measuring thea permeation rate. 
In the testing apparatus, an isometric method was used in which a pressure increase in 
the side opposite side-th oof a side where a pressure was not applied was measured. The 
related process is described in detail in ASTM D1 434-82. 

[0053] An e^ xperiment was performed for the separation of oxygen and nitrogen which 
are most difficult to separate among the gases. The reason for this is that kinetic 
diameters of oxygen molecule and nitrogen molecule are respectively 3.46 and 3.64A, 
having little difference from each other. The feasibility of this mechanism can be confirmed 
by measuring the permeability of CO2 (PCO2) and the selectivity of Q&C02/N2. In the 
experiment, the upstream pressure was 1 atm and the temperature was maintained at 
35X. 

f0054] In order to compare the separation capability of the three-component blend film 
of the present invention and a simple film (a test sample 2) made under the same 
condition but by mixing only two components, i.e.. PPO and semi-crystalline polymer 
(nylon 6) without using the compatibilizer, the respective permeability and selectivity of 
ternary blend film were also measured. The results are shown as follows in Table 1 . 



f0055] T able 1 . Permeabilities and selectivities at 35°C 
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No. 


Films 


Po2 

(Barrer)<^' 


Pn2 

(Barrer) 


Pc02 

(Barrer) 


a3( Po 

2 / P N2) 


aS( Pco2 

/Pn2) 


1 


PPO 


16.8 


4.1 


61 


4.4 


14.4 


2 


PPO/Ny(20%) 


7.32 


1.53 


24.8 


4.77 


16.15 


3 


PPO/Ny¥(20%)/PSMA( 

on/ \ 

2%) 


3.02 


0.309 


12.0 


9.75 


38.7 


4 


PPO/Ny¥(20%)/PSMA{ 
4%) 


4.06 


0.474 


17.0 


8.56 


35.87 


5 


PPO/Ny¥(20%)/PSMA( 
6%) 


3.29 


0.469 


12.9 


7.01 


27.43 


6 


PPO/Ny¥(20%)/PSMA( 
10%) 


2.65 


0.325 


11.1 


8.15 


34.22 



(a) 1 Barrer =10-'°cm^(STP)cm/(cm^s cmHg) 



[0056] In the case wherethat a film is fabricated by adding the semi-crystalline polymer 
into PPO, though J he permeation rate was a li ttio bit reduced somewhat d ue to the 
addition of the crystalline phase having less free volume, but its selectivity was increased. 
f0057] T he results of ternary blend systems depend on the amount of the compatibilizer. 
f0058] W hen 2 wt % of compatibilizer was added (test sample 3), as shown in Figure 1B, 
the semi-crystalline polymer (nylon 6) was uniformly and finely dispersed in the matrix 
resin. PPO. Its size was remarkably reduced. Though the permeation rate was reduced, 
the selectivity was significantly increased. The selectivity at this time exhibits a higher 
value than a limit value of the existing separation membranes (sSee Figure 2). 
f00591 Meanwhile, in the case where- that an excessive amount of compatibilizer was 
added (test sample 4 and 5), the selectively was rathor d ecreased. This difference results 
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from the fact that, as shown in Figures 1 B, in the case wheret hat a suitable amount of 
compatibilizer is introduced, the size of the dispersion phase was rapidly reduced 
compared to the case of the binary system and was evenly dispersed . W r-while. as 
shown in Figures 1C and 1D, if the compatibilizer is added in an excessive amount, it 
forms its own phase and as we ll as surroundsme the periphery of the dispersed phaser 
and^ accordingly, the dispersed phase is coagulated. 

rOQSOl In the case of athe three component blend (sample 3) showing athe uniform 
dispersion, as aforementioned, the permeating gas molecules should pass the boundary 
portion of the impermeable semi-crystalline polymer, of which the distance is 
proportionate to the square root of the number of dispersed phase, so that the path 
isbeiH§ far more lengthened. The path around the semi-crystalline polymer is occupied by 
the compatibilizer, which interacts differently for different gas molecules (oxygen and 
nitrogen), 

f0061 ] A ccordingly, athe small difference in thee f diffusion constant translates as onds i n 
a large difference inef the permeation rate of oxygen and nitrooen as-white the gas 
molecules pass the long distance andLreceiveif=)§ different interactions from the 
compatibilizer, resulting in that-oxygen passes comoo easily, and thus, high permeation 
rate and selectivity of oxygen are obtained. This is similar to the separation principle of a- 
gas chromatography. 

[00621 On the other hand, in the case where- that an excessive amount of compatibilizer 
was introduced, the path length is reduced due to the coagulation of dispersed phase and 
the interaction with the compatibilizer also is.decreased, resulting in a_lowering of -the 
selectivity. When an excessive amount of the compatibilizer was added Jt-tt^ form s its 
own tho i r own -phase and the selectivity was increased slightly because the selectivity of 
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the film made of solely compatibillzer for O2/N2 pair is relatively high. 
f 00631 In the present invention, PPO was used as a matrix, mixed with a polyamide 
(nylon 6), to which a random block copolymer of styrene and maleic anhydride was added 
as the compatibilizer, thereby fabricating the extended film after die exit. In view of the 
morphology of the extended film, the dispersed phase and the interfacial adhesion were 
confirmed by the-electronic microscopy. In addition, by separating oxygen and nitrogen, 
which are the most difficult to be separated as their molecular sizes are similar, the 
performance of the film was measured. 

[0064] ^The feasibility of this mechanism can be confirmed by measuring the 

permeability of CO2 (PCO2) and the selectivity of aSco2flM2. The results are shown in Tablel. 
The behavior of PCO2 and P&C02/N2 vs PCO2 follows exactly that of P02 and aSo2/N2. Addition 
of the semi-crystalline Ny6 phase into PPO (binary blend film) decreases PCO2 compared 
to that of_a PPO film whereas it increases the selectivity ano2/N2 somewha t a l i ttio bit . The 
selectivity of the ternary blend film containing 2wt% PSMA shows a remarkable increase. 
Though the permeability has boon d ecrease d somewhat d a litt i o b i t , the selectivity 
increasedd more than twice of that of the binary blend film. Permeability of this film is high 
enough (12 Barrer) to be used for the removal of CO2. Addition of more compatibilizer 
leads to coalescence of dispersed Ny6 phase_(Fig.1). Then, the selectivity aSo2/N2 
decreased while the permeability PCO2 increased. Further addition of PSMA results in the 
formation of PSMA own phase. High selectivity of PSMA (aSo2/N2 of PSMA is 34.64) and 
low permeability compared to that of PPO (Pco20f PSMA is 10.8) bring in lower Pco2and 
high a3o2/N2- After each passage through the compatibilizer around a dispersed phase, 
the concentration of CO2 would go up and up and high selectivity is achieved. This result 
confirms the role of the compatibilizer acting as an organic molecular sieve for selection of 
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gas molecules. 

f0065] ^As so far described, the thin semi-crystalline polymer blended gas 

separation membranes fabricated in accordance with the present invention have many 
advantages. 

[0066] For example, first, it exhibits the high selectivity exceeding the limit value, which 
hardly has been hardly overcome by4he existing separation membranes. Also, the 
permeability is high enough to be used in practical gas separation processes. 

[0067] Secondly, as a separation membrane fabricating technique with a novel 

concept combining a physical method and a chemical method, since the whole process is 
performed in anthe extruder, it does not require a complicated process^ such as a solution 
casting method, a post-treatment process^ such as a-solvent recovery and processing^ is 
not necessary, and it is also possible to make separation membranes in large scale. 

[0068] ^Thirdly, since it can be used between every crystalline polymer and 

thermoplastic resin as long as a suitable compatibilizer is available, it can be used to 
separate gases having different permeation rate from mixtures. It can also be used to 
separate liquid chemicals as long as they do not dissolve the membrane components. 

f00691 ^Through the present inventors used a single extruder for a monolayer 

film, it can be extended to multiple layer extruder. Also it can be easily modified to have a 
film-blowing die afte r the extruder to produce a blown film. Also^ a pair of counter rotating 
mandrels for the extrusion die in the film blowing process can be adopted, so that it is 
possible to honco to producee a membrane in which the dispersed crystalline phases are 
declined to 45° with each other (inside and outside). 

[0070] A s the present invention may be embodied in several forms without departing 
from the spirit or essential characteristics thereof, it should also be understood that the 
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above-described embodiments are not limited by any of the details of the foregoing 
description, unless otherwise specified, but rather should be construed broadly within its 
spirit and scope as defined in the appended claims, and therefore all changes and 
modifications that fall within the metes and bounds of the claims, or equivalence of such 
metes and bounds are therefore intended to be embraced by the appended claims. 

I NDU S TR I AL APPLICA BI L I TY 
(0071 ] Here we applied the idea of present invention to prepare a polymer composite 
film for the-gas separation. However, it can be easily-applied easily t o any membranes 
used in the chemical mixture separation process^ such as reverse osmosis, drug delivery, 
drug release, artificial kidney, and artificial lung to name a few^ as well as to liquids 
separations. Thus any separation process using the composite polymer film of this 
invention should also be embraced by the appended claims. 
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What i s c l aimod io: 



1. Po l ymer blondod m i xturo compr i Ging 50.about.99 wt % of an amorphous (or low 
crysta iii no) thormop l astic rosin soloctcd from the group consist i ng of 
po l y e thy l enopropylond i ontorpo l ymor, poly(1 (trim e thy l si l y l ) 1 propyne), amorphous ny l on, 
po l ystyrene and polycarbonat e ; 0.9.about.50 wt % of a somi crysta i iino polymer soloctod 
from th e group cons i st i ng of polyam i do(ny l ons), po l yethy l ene torephta l at e , po l ybuthy l eno 
torephtalate, po l y e thy l ene, po l ypropylono, po l yotherethorkotono, po l yv i ny l idene flour i de, 
polytotraflouroethy l eno, polyphenylene sufide and thormotrop i c or l yotrop i c liquid crystal 
po l ymer; and 0.1.about.10 wt % of a compat i bi li zer cons i st i ng of block copo l ymer or graft 
copolymer hav i ng compatib i l i ty or gererated by interfac i a l reaction. 

2. Po l ym e r bl e nd e d m i xtur e according to the c l a i m 1, wherein the compat i bi li z e r is 
selected from the group consisting of po l y(styr e ne co male i c anhydr i de), random or b l ock 
copo l ymer of styr e no and ma le ic, polystyr e n e whose oxazo l ine group is substituted, 
amorphous polymer added with mal e ic anhydr i d e group, and polycarbonat e and 
polystyrene hav i ng r e act i on group. 

3. Polymer blended m i xture according to the c l aim 1 or 2, the amount of the amorphous 
th e rmop l ast i c r e s i n is 76 96 wt %, the amount of the sem i crysta lli ne polym e r i s 4 .0 26 
wt % and the amount of the compat i b i l i zer is 0.1 6 wt %. 

4 . Po l ymer blended m i xturo according to the cla i m 1 or 2, where i n the sem i crystal li ne 
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polymor has low gao pormoabi l ity i rrospoct i vo of degr ee of crysta lli nity and i o Goloctod 
from the group consisting of polyam i de(ny l ons), polyethyl e n e t e r e phtalato, po l yothy l ono, 
po l ypropy l ono, polyothorothorketon e , po l yv i nyl i d e ne f l our i de, po l yt e traflouroothy l onc, 
po l yphonylono sulf i de and thormotrop i c or l yotrop i c l iqu i d crystal polymor. 

6. Po l ymor b l ondod m i xture accord i ng to th e c l a i m 1 or 2, wher e in th e compat i b i l i zer is 
positioned at tho intorfaco botwoon tho thermoplastic ros i n and the semi crysta lli ne 
po l ymor, to l ower an i ntorfac i a l t e ns i on between th e semi crystall i ne po l ymor and tho 
th e rmop l ast i c resin, improv e s the d i spers i on and strengthens tho intorfacia l adhes i on as 
wel l as interacts difforontly for diff e rent diffus i ng gas mo l ecules, hence, changes th e 
diffus i on rat e of each gas. 

6. A method for preparing a fi l m from tho polymor b l ondod m i xture cla i med in c l aim 1 or 2 
compr i s i ng the step of form i ng a molt blond by m i x i ng tho thoromoplaotio rosin, tho sem i 
crystallino po l ymor and the compat i bi li zer and axia l ly drawing tho mo l t blond obta i ned 
from st e p a) us i ng an extens i on apparatus or fi l m blow i ng apparatus connoctod to an 
extrus i on die to fabr i cate a f il m where i n a phase of th e sem i crysta lli ne polym e r has a 
stripe shap e in the film due to non equa l b i axia l drawing, which moans moro oxtonsion i n 
tho vortica l dir e ct i on than i n tho horizonta l d i rect i on. 

7. A f i lm prepared by tho method claimed i n c l aim 6. 

8. A mothod according to c l a i m 6, whorc i n dual mandrel of which inside and outs i de aro 
rotated in tho opposite direct i on is used as tho extrus i on d i e, so that a morpholog i ca ll y 
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modifiod Gom i crysta l l i n e phas e i s formod i n q not ohapo. 
0. A fi l m prepared by tho m e thod cla i mod i n c l a i m 8. 

10. A method accord i ng to c l aim 6, wherein mu l t il ayer f i lm composed of many layer i s 
fabricated by us i ng a mu l tiple cooxtruo i on die. 

11. A fi l m prepared by tho method cla i med i n c l aim 10. 

12. Asom i cryGta l lino polymer blended gas seperat i on membrane where i n the th e 
compat i b ili zer pos i tioned at the i nterface of the impermeab l e d i spersed phas e of tho f il m 
claimod i n c l aims 7, 9 or 11 has the different i nteract i on with the different gascG each 
other by wh i ch the permeab il ity of the fi l m i s affected and thus tho fi l m has high seperation 
performance. 

13. A gas separat i on m e thod us i ng the separat i on membrane of the cla i m 12. 

1 4 . Polymer b l ended m i xture accord i ng to cla i m 1 or 2, amorphous crystal li ne polymer of 
the matrix res i n has a h i gh me l t i ng po i nt than that of sem i crysta lli ne po l ymer at the 
processing temperature. 

16. An oriented fi l m prepared from the po l ym e r blended mixture of the c l aim 1 4 . 

16. Gas separat i on process us i ng th e film of the claim 16 as a Goporation membrane. 



SUBSTITUTE SPECIFICATION 
(Marked Copy) 



21 



10/591, 057 



17. Po l ymer bl e ndod mixture according to claim 1 or 2, sem i crysta l lino po l ymor cons i sts 
of one i ngredient or on e or more ingred i ents. 

18. One l ayer or mu l t il ayer th i n fi l m wh i ch i s prepared from th e polym e r blended mixture of 
the c l a i m 17. 

10. A method prepar i ng the f il m of the cla i m 18 comprising the step of forming a melt 
b l end by m i xing th e th e r e mop l ast i c resin, the s e mi crystal l ine po l ymer and the 
compatibi l izer and axia l ly drawing th e m e lt b l end obtained from step a) using an extension 
apparatus or fi l m blow i ng apparatus connected to an extrus i on die to fabr i cate a f il m 
wherein a phase of the semi crystallin e polym e r has a strip e shap e i n th e f i lm due to non 
e qual biaxia l drawing, wh i ch means more extension in the vert i cal d i rect i on than i n the 
hor i zonta l d i rection. 

20. A method accord i ng to the c l a i m 10, where i n dua l mandrel of wh i ch ins i de and outside 
ar e rotated in the opposite d i rect i on i s used as the extrus i on d i e, so that a morpholog i cal l y 
modified sem i crystal li ne phase i s formed i n a n e t shap e . 

21. Polymer b l ended mixture according to the c l a i m 17, amorphous crysta l l i ne po l ym e r of 
the matr i x res i n has a high melting point than that of sem i crysta lli ne po l ymer at the 
processing temperature. 

22. An or i ent e d fi l m prepared by the method of c l aim 17. 
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23. A Gomi crysta ll ino polymor blond e d gao ooporation mcmbrano whoroin the th e 
compat i bi li zor posit i onod at tho i ntorfoco of th e d i sporsod phaso of tho fi l m c l aimod in 
cla i m 22 has th e difforont i nteract i on with the difforont gasos each other by wh i ch the 
pormcab ili ty of the fi l m \o affoctod and thus the f i lm has h i gh Goporat i on porformanco. 

2 4 . Gas scpcrat i on process using the fi l m of the c l a i m 23 as a Gcporat i on membrane. 

26. A po l ym e r compoG i to f i lm for gas soperat i on wh e r ei n tho Gomi cryGta l l i ne polymer of 
cla i m 1 or 2 has a th i cknoGG of nanometer. 

26. A film accord i ng to c l aim 7 or 15, wher ei n the d i sperGod phase is composed of 
i norgan i c mat e rials (such aG clay) and tho film includes a compat i b ili zor for the matrix and 
the disporGod phaoe. 

27. GaG Goparation process using the fi l m of tho cla i m 26. 

28. Po l ymor blended mixture accord i ng to c l aims 1, 2 or 3, where i n the compatib i liz e r i s 
pos i tioned at the i nterface by roactiong with tho matrix reo i n or tho dispersed phas e to 
form a copolym e r. 

20. A Gom i cryGta ll ine polymor b l ended gas seperat i on membrane according to tho c l aim 
12, wherein the compatibilizer i s positioned at the interface by roactiong with the matrix 
roG i n or tho diopersed phase to form a copo l ymer. 
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30. A f i lm according to c l aim 21 or 26, whorcin i n caoo the matr i x roo i n Ig PPO(po l y(2,6 
d i methy l 1 , 4 phcny le n e ox i do) and the disp e rs e d phaoo i o po l yam i dos, a random 
copolymer or a block copolymer of otyrcno and ma l oic anhydr i de is used. 
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ABSTRACT 



Som i cryoto lli no po l ymor blondod goo or chom i cQl Gcparot i on mombranoo aro obtQinod by 
melt i ng and proccQsing 50" - 09 wt % of a thermoplast i c rosin, 1-^50 wt% of a s e mi 
cryGta ll ino polymor and 0.1*^10 wt % of a compat i b i lizor. A method for fabr i cating som i 
crystalline po l ymor b l ondod gas or ch e mica l separat i on membrane includ e s the stops of: 
mixing 60"-90 wt % of thermoplastic rosin, 1~60 wt% of sem i crystallin e polym e r and 
O.I^ - IO wt % of compatibi li z e r; and axial l y draw i ng th e r e sult i ng b l end me l t com i ng from 
an extrusion d i e. The separat i on membrane exh i bits h i gh se l ect i v i ty when app l ied in a gas 
s e paration proc e ss oxcood i ng th e l i m i t valu e which has boon seldom overcome by the 
e x i st i ng s e parat i on membranes as we ll as h i gh perm e ab i l i ty e nough to bo app li ed in roa l 
gas s e paration processes. Th i s enhanc e d s el ect i v i ty i s ascribed to the morpho l ogy of th e 
ternary b l ends and d i fferent i nteraction between tho compat i b i lizer and d i ffus i ng 
mo l ecules. The membrane prepared by this method can bo used for chem i cal separation 
processes (such as reverse osmosis, art i f i c i a l kidney, art i ficia l lung, drug de l ivery, drug 
re l ease, to name a few) as well as liqu i ds and gas separat i on processes. 
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